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Abstract
We consider GR as a limit case of the Scalar-Tensor theory with Barbero-
Immirzi field when the field tends to a constant. We use Shapiro time delay experi-
mental limit of 1/w = (2.1± 2.3)10−5 provided by the Cassini spacecraft to find
the Barbero-Immirzi parameter value.
1 Barbero-Immirzi Value from Experimental Data
This is a short note on obtaining Barbero-Immirzi value from the experimental data by
using the PPN (Parametric Post Newtonian) framework. The Barbero-Immirzi param-
eter appears in the Holst action as a coefficient of the topological term that vanishes
due to the Bianchi identity.
S =
1
16πG
∫
d4x eeµI e
ν
J(R
IJ
µν −
β
2
ǫIJKLR
KL
µν) (1)
Thus, it is impossible to obtain its value from the classical GR theory. In this paper
we consider GR as a limit of the Scalar-Tensor theory with Barbero-Immirzi field and
non-zero torsion, when the field tends to a constant. The Barbero-Immirzi field theory
was introduced and studied in [1], and further investigated in [2]. Its action [1] is as
follows:
S =
1
16πG
∫ √−g d4x
[
R− 3
2
(
1
1 + β2
)
∂µβ∂
µβ
]
(2)
R - a torsion-free Riemann scalar.
We can see from this formula that in the limit β = Constant this Scalar-Tensor theory
becomes GR with Hilbert-Palatini action. The Scalar-Tensor theories are rare types
of theories besides GR that are still in agreement with the experimental data [3], [6].
Moreover, in the limit, when a Scalar-Tensor theory PPN parameter w(φ) tends to
infinity, the theory becomes pure GR. The experimental data provided by Cassini in
2003 [5] put the following bound on w(φ) > 105/(2.1± 2.3). The more recent (2012)
change in orbital period caused by dipolar gravitational radiaton of the pulsar-white
dwarf binary PSR J1738+0333 [4] improved this bound by the factor of 2: w(φ) >
1
105/(2(2.1 ± 2.3)), however only for non Brans-Dicke (w is not constant) theories.
Therefore, in this paper we will use only Cassini’s limit. It’s worth mentioning that
back in 1972 the experimental bound was much lower [6]: w(φ) > 6, and it seems
that the experimental data will keep pushing it further up to become GR. The bound
limit we use in this paper comes from Shapiro time delay data provided in 2003 by
the Cassini spacecraft on its way to Saturn [5], [3] with the result γ − 1 = (2.1 ±
2.3) × 10−5, where w(φ) = 1 + γ
γ−1
= 105/(2.1 ± 2.3). For the graph showing
various available experimental data we refer to [4] Figure 7. The bounds provided by
the most recent binary pulsars are not competitive with the solar-system Shapiro time
delay measurement provided by Cassini due to the near equality of the star masses
suppressing dipole radiation [3].
The PPN Scalar-Tensor theory action written in ”Einstein frame” contains a scalar field
φ(x) and a coupling function w(φ) [3]:
S =
1
16πG
∫ √−g d4x
[
R− 3 + 2w(φ)
2φ2
∂µφ∂
µφ
]
(3)
By comparing (2) with (3) we see that (2) is a particular case of (3) when the scalar
field φ(x) is a Barbero-Immirzi field β(x): φ(x) = β(x). By equating the second
terms coefficients in (2) and (3) we obtain:
3
2(1 + β2)
=
3 + 2w(β)
2β2
(4)
solving for β:
β2 = −1− 3
2w
(5)
By using Cassini spacecraft bound: 1/w(β) = (2.1± 2.3)10−5 we obtain:
β2 = −1− 3
2
(2.1± 2.3)10−5 (6)
or
β = ±i(1± 0.008) (7)
It is expected that the experimental w(β) bound will keep growing as it has been do-
ing since 1960, starting from the value 6, reaching hundreds at the end of 1970th, and
becoming Cassinin’s 105/(2.1 ± 2.3) today. The ongoing BepiColombo mission to
Mercury, launched in 2018, will improve factor of 4 the Cassini’s result in measuring
PPN γ in July 2022, when it will experience the first solar conjunction [7].
To conclude there are two separate limits depending on the same parameterw(β) mea-
sured from experiment. The bigger w(β) the closer this Scalar-Tensor theory is to GR.
At the same time the bigger w(β) the closer Barbero-Immirzi value is to ±i, pushing
it to the self-dual Ashtekar case. Today its value is β = ±i(1± 0.008).
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